Addendum 

Invention Title 

COOLING FLUID PUMP AND ELECTRIC APPARATUS, SUCH AS PERSONAL 
COMPUTER, PROVIDED WITH THE PUMP 



APPLICATION UNDER UNITED STATES PATENT LAWS 

Atty.Dkt.No. 007324-0307050 



Invention: COOLING FLUID PUMP AND ELECTRIC APPARATUS, SUCH AS PERSONAL 
COMPUTER, PROVIDED WITH THE PUMP 

Inventor (s): Kenichi ITO 

Katsuya SEKO 



Address communications t th 
correspondence address 
associated with our Custom r N 

00909 

Piilsbury Winthrop LLP 



This is a: 

□ Provisional Application 
Regular Utility Application 

□ Continuing Application 

□ The contents of the parent are incorporated 
by reference 

□ PCT National Phase Application 

□ Design Application 

□ Reissue Application 

□ Plant Application 

□ Substitute Specification 

Sub. Spec Filed 

in App. No. / 

□ Marked up Specification re 

Sub. Spec, filed 

In App. No / 

SPECIFICATION 



30417864_1.DOC 



PAT-100CN 8/03 



COOLING FLUID PUMP AND ELECTRIC APPARATUS, 
SUCH AS PERSONAL COMPUTER, PROVIDED WITH THE PUMP 

BACKGROUND OF THE INVENTION 

1. Field of the invention 

This invention relates to a fluid pump cooling heating 
elements composing electric apparatus and personal computers. 

2. Description of the related art 

Japanese patent publications, JP-A-2001-123978 and 
JP-A-2001-132677, disclose conventional fluid pumps, for 
example. Each disclosed fluid pump comprises a. casing having 
a pump chamber therein, an inlet and an outlet both formed in 
the casing, a disc-like impeller rotatably provided in the pump 
chamber and having pump grooves through which a liquid in the 
pump chamber is supplied to a peripheral interior of the pump 
chamber. Upon rotation of the impeller, the liquid is sucked 
through the inlet into the pump chamber by the action of the pump 
grooves and the liquid in the pump chamber is discharged from 
the outlet by the action of the pump grooves. 

When the. foregoing fluid pump is used to cool a heating 
element of an electric apparatus, for example, the fluid pump 
and the heating element are disposed so that one side of the pump 
casing is brought into contact with the heating element. In this 
construction, heat generated by the heating element is absorbed 
via the casing into the liquid flowing in the pump chamber. 

In the above-described fluid pump, however, the pump 
chamber is located generally in the center of the casing, and 



an axis of rotation of the impeller corresponds substantially 
with the center of the casing. Accordingly, the liquid passage 
located in the outer periphery of the impeller corresponds to 
the periphery of the casing . When the heating element is mounted 
5 substantially on the center of the side of the casing, the fluid 
passage in the pump chamber is located on the periphery of the 
heating element. Consequent ly, the heating element cannot be 
cooled efficiently. 

. 10 SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to provide 
a cooling fluid pump which can efficiently cool an object to be 
cooled. 

15 The present invention provides a cooling fluid pump in which 

a cooling fluid is caused to flow to cool a heating element. The 
cooling fluid pump comprises a casing brought into a direct 
contact or an indirect contact via a heat transfer member with 
the heating element, a pump chamber provided in the casing, an 

20 impeller rotatably provided in the pump chamber and including 
a pump groove formed in either one of both axial end faces, the 
impeller having an axis of rotation located radially away from 
a center of the casing, an inlet formed in the casing so that 
the cooling fluid is supplied therethrough into the pump chamber 

25 by an action of the pump groove with rotation of the impeller, 
and an outlet formed in the casing so that the cooling fluid is 
discharged therethrough out of the pump chamber by an action of 
the pump groove with rotation of the impeller. 
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When the cooling fluid flows in the pump chamber with 
rotation of the impeller, heat generated by the heating element 
is absorbed via the casing into the fluid. In this case, since 
the axis of rotation of the impeller is located* radially away 
from the center of the casing, a part of the fluid flowing in 
the pump chamber passes by the center of the casing. Accordingly, 
the fluid passage can be ensured near the heating element when 
the heating element is disposed near the center of the casing. 
Consequently, the heating element can be cooled efficiently. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features and advantages of the present 
invention will become clear upon reviewing the following 
description of the embodiment with reference to the accompanying 
drawings, in which: 

FIG. 1 is a longitudinal section'of the cooling fluid pump 
showing an example of the present invention; 

FIG. 2 is an exploded perspective view of the fluid pump 
as viewed at a second casing side; 

FIG. 3 is an exploded perspective view of the fluid pump 
as viewed at a first casing side; 

FIG. 4A is a perspective view of an impeller as viewed in 
one direction; 

FIG. 4B is a perspective view of the impeller as viewed in 
another direction; 

FIG . 5 is a schematic perspective view of a personal computer 
provided with the fluid pump; and 



FIG. 6 is a bottom view of the fluid pump, explaining the 
arrangement of CPU . 

DETAILED DESCRIPTION OF THE INVENTION 

5 

One embodiment of the present invention will be described 
with reference to the drawings.. The fluid pump of the invention 
is applied to a personal computer in the embodiment* 

Referring to FIGS. 1 to 4B, the construction of the fluid 

10 pump will be described., The fluid pump 1 comprises a thin 
cylindrical casing 2 including first and second casings 3 and 
4 and having a pump chamber 5 defined therein, and an impeller 
6 rotatably mounted in the pump chamber 5. The first and second 
casings 3 and 4 are formed with concavities 5a and 5b respectively. 

15 Bearings 8 and 9 supporting a rotational shat 7 of the impeller 
6 are provided in central portions of the concavities 5a and 5b 
respectively. 

The pump chamber 5 is constructed so that the center thereof 
is located radially away from the center of the casing 2. More 

20 specifically, a straight line 02 passing the center of the pump 
chamber 5 and extending in parallel to the rotational shaft 7 
of the impeller 6 is located radially away from a straight line 
01 passing the center of the casing 2 and extending in parallel 
to the rotational shaft 7 of the impeller 6. The impeller 6 is 

25 disposed in the center of the pump chamber 5. Accordingly, the 
center of the rotational shaft 7 , that is, the center of -rotation 
of the impeller 6 is located on the straight line 02. 

An inlet 10 and an outlet 11 are provided in an outer 
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periphery of the first casing 3. The inlet 10 and the outlet 
11 communicate with the. pump chamber 5. The first casing 3 has 
a face which is opposed to the second casing 4 and in which a 
stator accommodating area 12 is provided. ' The stator 
accommodating area 12 is located in the center of the concavity 
5a and axially overlaps the concavity. As the result of the 
above-described construction, the pump chamber 5 is defined 
between the periphery of the stator accommodating area 12 and 
the second casing 4 side end face of the stator accommodating 
area, and the second casing 4. The impeller 6 is composed so 
as to correspond to the configuration of the pump chamber 5 and 
includes a disc 6a and an annular convexity 6b located around 
the outer circumference of the disc 6a. The stator accommodating 
area 12 is surrounded by the disc 6a and the annular convexity 
6b. A magnetic ring 21 is fixed to an inner circumference of 
the annular convexity 6b. An annular rotor permanent magnet 22 
is fixed to an inner circumference of the magnetic ring 21. The 
permanent magnet 22 is magnetized so that the north and south 
magnetic poles appear alternately circumf erentially . 

A stator 23 is provided in the stator accommodating area 
12. The stator accommodating area 12 is closed by a sheet 32 
after the stator 23 has been disposed therein. The stator 23 
comprises a stator core 24 having a plurality of magnetic poles 
24a and stator windings 25 wound on the magnetic poles- A 
flexible flat cable 28 is connected to the stator winding 25. 
Each magnetic pole 24a has an outer circumferential face radially 
opposed to the inner circumferential face of the permanent magnet 
22 with the circumferential wall 12a of the stator accommodating 



area 12 being located therebetween. The impeller 6, the magnetic 
ring 21 and the permanent magnet 22 constitute a rotor 26. The 
stator 23 and the rotor 26 constitute an electric motor 27. 

A circular convexity 14 is formed on the central end face 
5 of the disc 6a of the impeller 6 at the second casing 4 side. 
The convexity 14 has a number of cavities 15 formed in the outer 
circumferential face thereof. The disc 6a has a number of 
radially extending first pump grooves 13 formed in the 
circumference of the convexity 14 of the second casing 4 side 

10. end face thereof. Each pump groove 13 extends to and is open 
at the outer circumference of . the impeller 6. An annular 
convexity 17 is formed on the inner circumference of the first 
casing 3 side end face of the annular convexity 6b of the impeller 
6. The disc 6a has a number of cavities 19 formed in the outer 

15 circumferential face of the ' convexity 17 as shown in FIG. 4B. 
The cavities 15 and 19 serve to efficiently direct a liquid in 
the pump chamber 5 in a radial direction during rotation of the 
impeller 6. Furthermore, . since the first pump grooves 13 are 
open at the outer circumference, the liquid tends to easily flow 

20 through the first pump grooves during rotation of the impeller 
6. The impeller 6 has through holes 20 extending via the first 
and second pump grooves 13 and 16 axially through the impeller 
6. When a gas such as air mixes with the liquid flowing in the 
pump chamber 5/ the gas can be discharged through the holes 20 

25 outside . 

The first casing 3 has an arc protrusion 29 formed on a 
portion thereof located between the inlet 10 and the outlet 11 
in the concavity 5a so as to extend along the circumferential 
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wall of the concavity. The protrusion 29 is provided to reduce 
a gap between the annular convexity 6b and the concavity 5a. 
Furthermore, the second casing 4 has a protrusion 30 formed on 
a portion of the concavity 5b correspond to the jprotrusion 29. 
The protrusion 30 is provided to reduce a gap between the disc 
6a of the impeller 6 and the concavity 5b. Additionally , an 
arc protrusion 31 is formed on a portion of the concavity 5b in 
which the protrusion 30 is not provided. The protrusion 31 is 
formed along the inner circumferential face of the concavity 5b 
so as to be opposed to the outer circumference of the impeller 
6. 

FIG. 5 schematically illustrates a notebook type personal 
computer 35 serving as an electric apparatus to which the fluid 
pump 1 is applied. The personal computer 35 comprises a body 
casing 36, a cover casing 37 pivotally mounted on the body casing . 
A key board {not shown) is provided in an upper face of the body 
casing 36. A liquid crystal display (not shown) is provided on 
the cover casing 37 so as to be opposed to the upper face of the 
body casing 36. A heat radiating panel 39 is provided on a rear 
face of the liquid crystal display inside the cover casing 37. 
The heat radiating panel 39 is provided with a liquid passage 
40 filled with a cooling liquid. The liquid passage 40 has both 
ends formed with an entrance 40a and an exit 40b respectively. 

A rectangular box-like central processing unit (CPU) 38 is 
enclosed in the body casing 36. The CPU 38 serves as a heating 
member in the present invention. The fluid pump 1 is provided 
on the top of the CPU 38. More specifically, the top of the CPU 
38 and the second casing 4 of the fluid pump 1 are in contact 



with each other, and the center of the CPU 38 and the center 01 
of the casing 2 substantially agree with each other. h 
connecting tube 42 is connected to the outlet 11 of the cooling 
pump 1 and to the entrance 40a, whereas another connecting tube 
43 is connected to the inlet 10 of the cooling pump 1 and the 
exit 40b. 

The fluid pump of the embodiment operates as follows- The 
impeller 6 (rotor 26) is rotated when the stator winding 25 of 
the fluid pump 1 is energized so that a rotating magnetic field 
is established. The liquid in the liquid passage is sucked via 
the connecting tube 43 and the inlet 10 into the pump chamber 
5 by the liquid feeding operation of the first and second pump 
grooves 13 and 16. Furthermore, the liquid is discharged via 
the outlet 11 from the pump chamber 5. The liquid discharged 
out of the pump chamber' 5 flows through the connecting tube 42 
and then through the liquid, passage 40, thereafter being 
re-sucked via the connecting tub 43 and the inlet 10 into the 
pump chamber 5. 

The liquid circulated through the fluid pump 1 and the liquid 
passage 40 absorbs heat generated by the CPU 38 via the casing 
2 (particularly, the second casing 4) when passing through the 
pump chamber 5. The heat absorbed by the liquid is further 
absorbed by the heat radiating panel 39 when the liquid passes 
through the liquid passage 40. In other words,, the CPU 38 is 
continuously cooled by the liquid recirculated through the fluid 
pump 1 and the liquid passage 40. 

Particularly in the embodiment, the center of rotation of 
the impeller 6 is located radially away from the center of the 
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casing 2 of the fluid pump 1. Accordingly, the first and second 
pump grooves 13 and 16 pass by the center of the casing 2 during 
rotation of the impeller 6. 

Furthermore, the impeller 6 comprises the disc 18a and the 
annular convexity 18b for the purpose of reduction in an axial 
dimension of the fluid pump 1 . The permanent magnet 22 is mounted 
to the inner circumference of the annular convexity 18b, and the 
stator 23 is disposed in the area defined by the disc 18a and 
the annular convexity 18b. Accordingly, the pump grooves 16 
provided in the end face of the convexity 18b of the impeller 
6 are shorter than the other pump grooves 13 . In the embodiment, 
however, the second casing 4 opposed to the pump grooves 13 is 
brought into contact with the CPU 38. Consequently, since a 
large amount of liquid in the pump chamber 5 is caused to pass 
near the CPU 38, the CPU can be cooled more efficiently. 

Even in the conventional fluid pumps, a heating element as 
an object to be cooled could be mounted to the casing so as to 
be located away from the center of the casing, whereby a large 
amount of liquid could pass by the heating element. However, 
when the heating element is located away from the center of the 
casing, a part of the heating element is noncontact with the 
casing, whereupon a contact area of the heating element with 
respect to the casing is reduced. As a result, the heat radiating 
effect of the casing is reduced. On the other hand, in the 
foregoing embodiment, the heating element is disposed near the 
center of the casing of the fluid pump. Consequently, a 
sufficient contact area of the heating element can be ensured. 
Furthermore, the working efficiency is higher when the 
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heating element is disposed near the center of the casing than 
when the heating element is disposed away from the center of the 
casing, whereupon the product quality can be improved. 

In a modified. form, a heat transfer member (CPU) may be 
.5 interposed between the heating element and the outer face of the 
second casing 4 of the fluid pump 1 so that the heating element 
is brought into a indirect contact with the casing 4. 

The heating element may include electric elements other 
than the CPU 38. Furthermore, the fluid pump may be applied to 
10 electric apparatus other than the personal computer. 

The foregoing description and drawings are merely 
illustrative of the principles of the present invention and are 
not to be construed in a limiting sense. Various changes and 
modifications will become apparent to those of ordinary skill 
15 in the art. All such changes and modifications are seen to fall 
within the scope of the invention as defined by the appended 
claims. 



10 



